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INTRODUCTION
For a number of industries, the homogenization, and more generally the mechanical emulsification of Iiquids, dietary as weil as others, has become over the past many years an important technological process. The use of this type of process in the food, pharmaceutical and cosmetic industries in general and in certain dairy operations in particular is essential for the production of emulsions with certain desirable rheological properties (creams and ointments), textures (ice cream, mayonnaise) and degrees of stability (milk, saiad dressing) (Dickinson and Stainsby, 1988) . The principle of homogenization and mechanical emulsification processes which, according to Gaulin, must allow "de fixer la composition des liquides" remains simple: in the case of milk, the homogenization process results in a considerable decrease in the size of the fat globules found in the initiàl suspension, and has the effect of increasing the creaming stability of the emulsion (Tadros and Vincent, 1983) . Aside from conventional homogenizers, relatively few mechanical emulsification processes have been and are used in an industrial setting (Walstra, 1983) . During the 1980s, however, other mechanical emulsification processes appeared. One of them, called microfluidization (Cook and Lagace, 1985; Washington, 1987) , was initially used principally in the cosmetic and pharmaceutical industries (Chandonnet et al, 1985) . More recently, microfluidization was suggested as an alternative method for the production of milk fat microcapsules (Vuillemard, 1991) , alcoholized creams (Paquin and Giasson, 1989) and for milk homogenization (Pouliot et al, 1991) . If the result of the process is similar to that of homogenization (reduction in the size of the fat globules), the means used to achieve such a result are different. As is the case for conventional homogenization processes, the Iiquid is forced under high pressure into a chamber. However, in the case of the microfluidization process, the Iiquid is then divided into 2 microstreams that are projected against one another at high speed and at an angle of 180 0 (Cook and Lagace, 1985) .
Other than a considerable change in the dispersion state of the fat, the emulsification of dietary liquids also results in a considerable rearrangement of the oil-water interface (Walstra and Oortwijn, 1982) where mainly 2 classes of molecules can be adsorbed: amphiphilic macromolecules (mainly proteins) and low molecular weight emulsifiers (Iecithins, monoglycerides, Tweens, Spans, etc) (Dickinson et al, 1990) . Proteins and low molecular weight emulsifiers affect the production and stabilization of emulsions. Proteins play 2 major roles: on the one hand they lower surface tension between the interfaces that are fonned du ring the emulsification process, and on the other hand, they form a macromolecular layer surrounding the dispersed particles which structurally stabilizes the emulsion by reducing the rate of recoalescence (Fisher and Parker, 1988) . Low molecular weight emulsifiers affect the production and stabilization of emulsions in several ways: during emulsification, by reducing interfacial tension more rapidly th an would the proteins alone, they allow the production of smaller-sized dispersed particles (Darling and Birkett, 1987) . Furthennore, while proteins generally stabilize oil-in-water emulsions, low molecular weight emulsifiers tend to destabilize them (Dickinson et al, 1990) by removing protein from the surface of the dispersed particles. This ability of low molecular weight emulsifiers to dislodge macromolecules is due to their greater energy of adsorption compared to individual segments of macromolecules. Finally, if the distribution of these 2 classes of molecules between the surfaces of the dispersed particles and the bulk phase is directly affected by the competitive adsorption between the macromolecules and the emulsifiers at the oil-water interface, it is also a result of the nature of macromoleculeemulsifier interactions at the interface and in the bulk phase (Dickinson, 1986) .
Opinions are divided as to the usefulness of using experimental model systems (systems containing a single protein source and/or low molecular weight emulsifier) rather th an real food systems (Darling and Birkett, 1987; Dickinson et al, 1990) . Even if the model systems allow relatively precise infonnation to be obtained, they can rarely be extrapolated to real food systems. An altemative wou Id be to use systems that can be called "quasi-foods", that is systems that contain a known mixture of proteins and low molecular weight surfactants and whose concentrations are controlled.
The aim of the study presented here was to examine the influence of certain process (pressure and temperature) and composition (butter oil, protein and surfactant concentrations) variables on the size distribution of fat globules in a model dairy emulsion (oil-in-water) using a given mechanical emulsification technology, le microfluidization.
MATERIALS AND METHODS

Experimental design
Description
A central composite rotatable design made up of k = 5 factors with 3 levels and 1 repetition was developed. This type of design, the most widely used for fitting experimental results to a secondorder model (Piggot, 1986; Box and Drapper, 1987) , is called rotatable because the variance of the estimated response fat point x is uniqueIy a function of the distance separating this point from the centre point and not of the direction. These designs are composed of 2 k factorial points (usually coded ± 1) with 2 k star points coded [(± a, 0, 0, ... ,0) , (0, ± a, 0, ... ,0), ... , (0, 0, 0, .. ,' ± a)] and no centre points coded (0, 0, ... , 0). The value of a, on which the rotability of the design depends, is such that a = {FJ1/4 where F is the number of factorial points of the design: in the present case F = 2 k • The complex principles for the development of these designs have been presented by various authors including Montgomery (1976), Gacula and Singh (1984) , and Box and Drapper (1987) .
The design used was therefore composed of 25 factorial points, with 10 star points (with a = 2.38) and 10 centre points which results in a total of 52 experimental units or emulsions.
The 5 factors that were varied in the preparation of the emulsions are the following: 2 process factors-emulsification pressure (7.8, 20.7, 41.4, 62.1 and 76.3 MPa) and temperature (35, 55, 70, 85 and 100 OC) ,and 3 formulation factors-protein concentration (0.5, 0.9, 1.5, 2.5 and 3.9 wt%), butter oil concentration (5.2, 8, 10, 12 and 14.8 wt%) and monoglyceride concentration (0.08, 0.2, 0.4, 0.6 and 0.88 wt%).
Statistical analysis
An analysis of variance was first conducted on the values of the volume-weighted average diameters of the emulsified fat globules (d v ) and on the relative width (cv) of the particie size distribution. This analysis allowed the split of the total variation of the measured parameters (av and cv) according to the principal effects of the treatments, the interactions and the error. The sum of the squares of the differences of the principal effects was split in unitary degree of freedom using an orthogonal comparison method (Box and Drapper, 1987) . This calculation allowed an individual estimation of effects without mutual interference. Two tests were then carried out: a Fisher test allowed a differentiation between the treatments and the interactions which had a significant effect on a given parameter, and an adjustment test (Neter et al, 1985) confirmed that the second-order model allowed an adequate description (to ± 1%) of the variances in the experimental results.
The effects of the principal treatments and/or interactions which were not significant at the level 95% have been included in the error term. This pooling, which has been justified by Little (1981) , increases the degree of significance of the variance due to an increase in the number of degrees of freedom. Although a lower probabilitythreshold could be used in the selection of the effects to be considered in the determination of the regression equation, a probability threshold of at least 95% was used in order to simplify the expression and use of the regression equations.
Finally, following this second analysis of variance, each of the 2 measured parameters (av and cv) was analyzed as a function of the principal effects and interactions of process and composition variables. The nullity of the regression a Robin etai coefficients was tested using Student's test (Neter etai, 1985) .
This method for interpreting results is supported and recommended by Little (1981) and Box and Drapper (1987) . According to these authors, ail the treatment levels in the experimental range are significantly different in their effects after a significant tendency has been established. The best estimates of the effects of the treatments are those values calculated using the regression equation.
Statistical procedure and graphie
The analysis of variance and regression calculations were carried out using the General Linear Model procedure (Proc GLM and Proc REG) of the SAS (1990).
The 3-dimensional picture of the equations was carried out using Mathematica (Wolfram, 1991) .
Emulsion preparation
Ingredients
Sodium caseinates (89.3% protein) were obtained from ICN Nutritional Biochemicals, Canada Ltd (Dorval, Que, Canada). Butter oil (99.4% anhydrous) was purchased from a local dairy cooperative (Agropur, Granby, Quebec, Canada) and was stored at 4 oC. Distilled monoglycerides (EXCEL, T-95) with a hydrophile-lipophilebalance (HLB) of 4.5 (Shinoda and Kunieda, 1983) were purchased from Atkemix (Bratford,Ontario, Canada). Sodium azide was purchased from Fisher Scientific (Quebec, Que, Canada).
Emulsion production
Fifty-two emulsions (600 g) containing 0.5, 0.9, 1.5, 2.5 or 3.9 wt% (based on protein content) sodium caseinates, 5.2, 8, 10, 12 or 14.8 wt% butter oil, and 0.08, 0.2, 0.4, 0.6 or 0.88 wt% monoglyceride were prepared in the following manner: various sodium caseinate solutions, hydrated and solubilized in deionized water (k = 1.1 IlS.cm-1) for 90 min, and butter oil, preheated to 50 "C, were mixed using a magnetic stirrer. The solutions were then brought to the appropriate emul- (35, 55, 70, 85 or 100 OC) and the emulsifiers were added. The dispersions, maintained at the emulsification tempe rature (± 1.5 "C), were then mixed for 2 min using a stirrer (Braun CDN Ud, Model MR7, Mississauga, Ont, Canada). The oil-in-water dispersions were then immediately emulsified using a Microfluidizer (M-110™, Microfluidic Corporation, Boston, MA, USA) at its maximum power setting. For the design rotability to be pertect (a = 2.378), the values 01 some Independent parameters should 00: 1 emulsion 50, P = 90.6 MPa (in lact, the maximum pressure given by the air lead system was 76.5 MPa); 2 Emulsion 51, T=34.3°C; 3 Emulsion 52, T=105.7°C.
The microfluidization procedure was performed in 2 stages: the first processing was at 7. 8,20.7,41.4,62.1 or 76.3 MPa and the second at 4.8 MPa in order to eliminate aggregates formed during the first processing procedure (Ogden, 1973; Walstra, 1975 
Size distribution of the emulsified fat globules
Sampling
A sam pie of each emulsion was taken and stored at 4 oC for 24 h in a 20 ml bottle completely filled. Before analysis, the samples were heated (T = 20 oC) and manually stirred. This procedure, proposed by Walstra (1975) , was used in order to prevent a change in the size distribution of the fat globules due to churning.
Dissociation of protein structures
The samples were mixed with a buffer (urea, EDTA and~-mercaptoethanol, pH 7) designed by Dalgleish et al (1987) to dissociate protein structures.
Despite the presence of sodium caseinates in the emulsions, the composition of the dissociating buffer was not modified. Measurements were carried out immediately after vigorous manual stirring.
Photon correlation spectrophotometry
The size distributions of the fat globules were determined by photon correlation spectrometry (PCS) using the method proposed by Robin and Paquin (1991). The measurements were taken using the Nicomp multibit (7 bit) 64-channel photon correlation system (Pacific Scientific, Hiac/Royce Instruments Division, Model 370, Manlo Park, CA, USA); the correlation functions were measured on the Iight that was diffused at an angle of 90°by the particles in suspension.
The correlation functions were analyzed by the cumulants method (Koppel, 1972) . The first cumulant yielded an' average diffusion coefficient (0), and the second yielded a mean squared deviation of the average diffusion coefficient (s2). The volume-weighted average particle diameters (d--:) were calculated using the StokesEinstein law, and polydispersity was expressed by the relative standard deviation or coefficient of variation (cv) of the volume-weighted distribution calculated as the distribution width divided o Robin etaI by the average diameter. The accuracy (= 1%), the reproducibility (= 1%) as weil as the length of the analysis (2.5 x 10 6 photo-impulses or '" 20 min) were determined on latex sphere solutions (Robin and Paquin, 1991).
Three measurements of the size distribution of the fat globules were carried out on each sample. The values of the average diameters and relative widths of the size distribution of the fat globules are shown in table 1.)
Average size distributions
A logarithmic transformation was applied to the emulsified fat globule volume-weighted average diameter (d:) and to the homogenization pressure. Indeed, using the theory of isotropic turbulence developed by Kolmogorov (Walstra, 1969 (Walstra, , 1983 showed that the maximum size of a fat globule undergoing the homogenization process is a function of the energy density E (energy dissipated per unit of volume and time) or of the pressure P (E ocfX3I2 fTll2), of the interfacial tension ' Y, and of the mass density p acc.ording to:
Goulden and Phipps (1964), Walstra (1975) and others have experimentally confirmed these results.
RESULTS
Accuracy and reproducibility of the PCS technique
The 10 centre points serve as an indication of the reproducibility of the PCS technique for determining the parameters of the size distribution of the fat globules. These centre points correspond to values obtained from the same emulsion. Using these results, the reproducibility of the evaluation of the dv and cv parameters was approximately 4.2, and 3.2% respectively. However, even though the reproducibility of the results seem salisfying, that is, comparable with those obtained by other methods, their accuracy must be interpreted with some caution. Even though the validity of the PCS technique, in terms of precision and reproducibility, has been demonstrated by scattering from known mixtures of relatively monodispersed polystyrene latex beads (Bargeron, 1974; Brown and Pusey, 1975) , results become less reliable wh en distributions are larger and polydispersed (Weiner and Tschamuter, 1987) . Moreover, if the second cumulant is generally dominated by polydispersity rather than by statistical noise in the autocorrelation function, in large distributions the analysis of the cumulant can lead to an underestimation of the variance (Chu and Dinapoli, 1983 ). Higher order terms should be taken into account, but this remains a difficult problem (Nicoli, personal communication) ..
Influence of process variables
on the average diameter of fat globules and on the distribution width of the diameters An analysis of variance was carried out on the values given in table 1 using orthogonal comparisons between the principal treatments and between the interactions (Box and Drapper, 1987 ). An F test was carried out to differentiate the treatments and the interactions which had a significant effect on the volume-weig!}!ed average diameter of the fat globules (d v ) and on the size distribution of the relative width (cv). An adjustment test of the experimental results for a second-order model was also carried out. (d v ) . Ali of the regression coefficients were highly significant (p s 0.0001). lt is, however, worth noting that the existence of a minimum average diameter as a function of pressure (regression equation) was not significant, and resulted from an artefact praduced by one of the extreme point (star point No 48). A separate regression analysis revealed that the increase in size beyond P == 50 MPa (the emulsification pressure from the regression model for which the derivative equals 0) was not significant. , wt%) and of the emulsification pressure (P, MPa) for a fixed temperature (50 "C) and for fixed protein (1.5 wt%) and monoglyceride (0.4 wt%) concentrations. As has been reported elsewhere, the average diameter of the fat globules decreases and reaches a plateau as emulsification pressure increases, 
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but increases as the fat content increases (Walstra, 1975; Phipps, 1985) . 
DISCUSSION
Emulsification is a dynamic process where the disruption and recombination or coalescence of the fat globules take place simultaneously, each with its own rate constant or time scale (Walstra, 1983; Tornberg et al, 1990 ). Consequently, not only the final droplet size distribution but also other emulsion properties such as rheological behavior will be determined by the conditions leading to an equilibrium between breakdown and coalescence. The probability of newly formed droplets coalescing depends on the time available for the interfaces to be covered by the surfactants. The time available depends on emulsifying conditions (eg emulsifying machine, power density), which are influenced by the fat content, the ratio of surfactant to fat, and the nature of the surfactants. In order to be active (prevent coalescence), surfactants must not only be transported to the interfaces, they must also be able to adsorbo Adsorption depends on the number of surfactant collisions with fat particles, and on the probability of the surfactants adsorbing after colliding with the interface. Adsorption is likely influenced by molecular properties such as hydrophobicity, f1exi-bility and charge density (Kato, 1991; Lorient et al, 1991) . However, the adsorption process occurs on a time scale of less than a millisecond during the homogenization process (Walstra, 1983) , so it is very unlikely that an adsorption equilibrium is obtained.
For a given process, the emulsification efficiency is the result of an optimal combination of process variables and of the composition of the Iiquid to be emulsified. Six major variables are generally considered: emulsification pressure (P) and temperature (T), Iiquid flow rate (0), the fraction (cP) of the disperse phase and the surfactant concentration(s) (Walstra, 1983; Phipps, 1985) . In the present study, the effect of flow rate on the size distribution of the fat globules was not considered. It has, however, been shown for oil-in-water emulsions (Phipps, 1975 (Phipps, , 1982 (Phipps, , 1983 Walstra, 1975) and for conventional homogenizers (Manton-Gaulin and/or Rannie), that there is little or no influence of the flow rate of the liquid to be emulsified when cP s 30%.
Influence of process variables on the size distribution of fat globules
Effect of emulsification pressure It was empirically shown (Goulden and Phipps, 1964; among others) and then vindicated by Walstra (1969 Walstra ( , 1975 ) that classic homogenization processes (the systems of Manton-Gaulin or Rannie), at moderate emulsification pressures (0.25 MPa s P s 40.5 MPa), using milk, cream with a fat concentration of cP~12% or any other dilute emulsion, could be quantified by a relation such as d oc pm where the exo Robin etai ponent m has a value of -3/5 ([1]) . The exponent_m in the descending slope of the fig 1) is of the order -0.53 ± 0.04. These results, therefore, seem to corroborate the theories linked to the breakdown of fat globules during turbulent flow conditions. However, there is no general agreement on the functioning of conventional homogenizers at high pressure. According to Walstra (1969 Walstra ( , 1983 and Davies (1985) the breakdown of the fat globules can be described by the turbulence theory put forward by Kolmogorov. According to Phipps (1975 Phipps ( , 1985 , the breakdown of the globules at the entrance to the homogenization valve can be described by the Taylor analysis of shearing forces. The design of the microfluidization chamber (microchannels, mixing zone, etc) differs fundamentally from an homogenization chamber (basically a valve and a seat). Even if the forces that lead to the breakdown of the fat globules are the same, their respective influence on the breakdown is apparently not the same.
_ Although the convex nature of the curve fig 1) is the result of an experimental artefact and of its statistical consequence (the minimum is very shallow), sorne authors (Becher, 1967; Phipps, 1975; Tornberg, 1980) have reported that an increase in homogenization intensity (E), and/or fat concentration above optimal yields (P~40 MPa or E~60 W and/or cP 2: 12%) could result in an increase in droplet size. This increase, called overprocessing by Tornberg (1980) , should indicate that coalescence is the dominant factor governing the final droplet size of the emulsion. However, the validity of the methods that have been used for producing emulsions and determining average size is questionable. In the present study, it is reasonable to think that an increase in collision frequency with increasing pressure would at most lead to no further decrease in globule size as the minimum is very shallow. An in-crease in emulsification intensity above optimal conditions, which causes a relatively sm ail change in average droplet size, results in unnecessary energy consumption.
The optimal condition corresponded to P == 50 MPa. The reduction in fat globule size have various consequences. Emulsions which contain small droplets have a tendency to be more stable with respect to creaming (Stokes' law), and to coalesce more than those containing large droplets (MacRitchie, 1976) . According to the MacRitchie approach, which correlates film stability to an energy barrier, the corn pressional free energy barrier can be, under sorne conditions, proportional to 1/cP. However, in practice the effects are not as great as predicted by these equations (Walstra and Oortwijn, 1975; Dickinson and Stainsby, 1982) .
If the average particle size can provide sorne information about the behavior of emulsions, most attention should, however, be paid to the top end of the size distribution as most types of instability are usually first manifested by the behavior of the largest droplets. Although the distribution width of fat globules is an extremely important parameter when characterizing an emulsion, it has not been studied in great depth. Walstra (1975) demonstrated that the relative width of fat globules in homogenized milk sharply increases with the homogenization pressure (0 < P < 5 MPa), reaches a maximum (P == 5 MPa) before remaining fairly constant and attaining a limit (P == 30 MPa). Thèse results were partly confirmed by Tornberg (1980) studying the behavior of various protein stabilized emulsions made by a sonifier. In the present study, valid for 20.4 MPa s P :,; 76.3 MPa, the results revealed a behavior that differed as a function of butter oil con-
centration ([BO], wt%). At quite high [BO],
in conformity with previously mentioned results, the relative width of the fat globule distribution diminished as a function of emulsification pressure. However, at lower concentrations, the behavior was reversed. Although these trends should be interpreted with sorne caution (Iack of accuracy in the determination of the standard deviation, low r2 value), it appears that trends near central points are similar to those reported elsewhere. At the endpoints of the experimental design, trends are much more difficult to establish, particularly when the decrease in cv as a function of [BO] at high P should arise from the standgrd deviation(s) being less affected th an d v by the emulsification intensity.
Effect of emulsification temperature
Since Gaulin, it has been recognized that the efficiency of the emulsification process is very low in the presence of solid fat (Kessler, 1981) . Consequently, the production of oil-in-water emulsions is normally carried out at tempe ratures above the final melting temperature of the fat (7j == 40 "C, Jenness and Walstra, 1984) . Several authors, studying the homogenization of milk, have shown that an increase of 10°C in temperature between 40-70 oC decreases the average diameter of the fat globules by 6-8% (Walstra, 1975) to 10-15% (Sweetsur and Muir, 1983 ). This effect weakens or disappears above 80 oC. As expected, an increase in temperature between 35-82 oC resulted in a decrease in the average diameter of = 8%/10 oC. Although equation [1] does not predict that the viscosity of either phase can have an effect on the droplet size resulting from the emulsification process in turbulent f1ow, a decrease of viscosity will understandably affect the rate of passage through the emulsifier and the ease of disruption of the globules. Walstra (1974 Walstra ( , 1983 suggested that an increase in the viscosity of the dispersed phase (T/o) should correspond to a deformation time of a droplet larger than the character-istic time of an eddy. As the smallest eddies are presumably the most effective (they have thehighest kinetic energy), an increase in 7Jo should lead to a larger spread in flow conditions and consequently in droplet size distribution (cv), as was indeed the case. Moreover, an increase in tempe rature changes ail the composition variables that determine adsorption; fat changes to oil and the macromolecular penetration into the oil becornes possible, hydrophobic interactions at the interface probably become more intense (at least up to 60-65 OC), and the molecular structure of water weakens, which affects its quality as a solvent for surfactants and for hydrophobic interactions. Above 82 oC, the average particle diameter increased slightly. Although this result has not been explained, it should be noted that the influence of the temperature on the average diameter of the fat globules is relatively low: temperature only explains 4.8°-i (table Il) of the total variance of 10glO (d v ) and between 82 and 100 "C it represents < 1% which is much lower than the experimental error ('" 6.3%).~oreover, the statistical increase in d v is a consequence of the measurements obtained from an emulsion that was not repeated (No", 48) and corresponds to an extreme point (star point) in the experimental design. cv was influenced in a similar manner by the temperature (table V) .
Effect of composition variables
on the size distribution of fat globules
Effect of butter oil concentration
The concentration of fat affects the homogenization efficiency of dairy products when it is > 10% (Walstra, 1975; Phipps, 1985) . fig 1) and in the size distribution (cvat low pressure) (table III, fig 3) . An increase in the fat concentration resulted in a relative decrease in the concentration of surfactant available to cover the new interfacial surface that was formed during the emulsification process. The fat content and the ratio of surfactants to fat affected the extent of coalescence of the newly formed globules by goveming the probability that the latter collide before they recover by a surfactant layer. Also, with higher oil concentrations, distances between fat globules decrease and the probability of bridging could increase. This results in a general tendency to increase "particle" diameter.
Effect of surfactant concentration
The addition of surfactants, which results in a decrease in interfacial tension (y), reduces the interfacial free energy (~G) of the system, [3] where ilS is the change in the interfacial area and thereby the Laplace pressure which is beneficial in reducing both the energy requirement to form emulsions and the droplet size that can be obtained. However, this only holds if the ratio (surfactantlinterfacial surface) is large enough to cover the new interfacial surface formed during the emulsification process and leading to minimize the coalescence or polymeric bridging (Halling, 1981; Tadros and Vincent, 1983) . Although certain general rules can be deduced from simple thermodynamic principles, the degree and, more importantly, the consequences of the adsorption of protein to the interface can vary considerably with the type of protein and with emulsification conditions. Thus, while Oortwijn and Walstra (1979) reported that whey protein concentration (0.01-2.0%) had relatively Iittle effect on the size of fat globules in homogenized emulsions, Pearce and Kinsella (1978) demonstrated, using homogenized emulsions stabilized with various proteins, that increasing the protein concentration (0.5-5%) couId decrease the average diameter of the fat globules by a factor of 2.5. Thus, the nature of the surfactant (hydrophile-lipophile balance, molecular weight, molecular f1ex-ibility) as weil as its relative concentration (with respect to other surfactants) directly influence the size of the fat globules. Figure (1989) reported similar trends when studying the effect of octaoxyethylene dodecyl ether (C 12 E a ) with 0.1 wt% caseinate on the droplet diameter of O/W emulsion (20 wt% n-tetradecane, pH 7, 25 OC). However, care is needed when analysing these results as the surfactants used were different and hydrocarbons have a higher interfacial tension with wa-527 ter than do mixtures of triglycerides with water (Fisher et al, 1985) .
Moreover, the increase in the concentration of surfactant (for a given [80] , P and 7) results in a decrease in the average particle diameter (fig 2) . Although these concentrations are independent of the [80] , which is rather surprising, it is suggested that an increase in the size of the fat globules above these concentrations can be attributed to, -a competition between fat and monoglycerides to bind proteins due to the high number of monoglyceride molecules per residue of caseinate and to the formation of hydrophobic bonds between a polar amine acids and the hydrocarbon groups of the monoglycerides . These weak complexes, if they form, should be rather surface-inactive, as the hydrophobic areas of protein and nonionic surfactant bind together, and -to protein displacement from the interface by monoglycerides. In another study using casein and MGS, Paquin et al (1987) found that surface pressure isotherms in the high-pressure region are essentially the same as for the monoglycerides alone, suggesting protein displacement from the interface. lt is likely, as suggested by Doxastakis and Sherman (1986) , that mono-and diglycerides present in commercial glycerol monostearate form complexes with caseinate at the oil-water interface. It would appear that this (mixed) emulsifier does not behave simply as a nonionic, noninteracting surfactant.
Surfactants (proteins and low molecular weight surfactants) seem to have a cooperative effect on the reduction of cv (fig 4) .
As was mentioned in the discussion on the determination of cv, these results must be interpreted with caution. 
CONCLUSIONS
The process and composition variables which were studied affect, in varying proportions, the efficiency of the emulsification process called microfluidization. Some of these influences are summarized in figure  5 . The variables that had the greatest influence on the size distribution of the fat globules are the butter oil concentration, the concentration of low molecular weight surfactants (monoglycerides), the emulsification pressure, the protein concentration (sodium caseinates) and the emulsification temperature. However, if the average sizes are fairly reliable, the results on relative distribution width must be taken with caution.
The utilization of an experimental design, applied to a dairy-type emulsion, demonstrated the complexity of the influences and interactions (depending on the area of study, pressure, temperature or concentrations) of process and composition variables on the size distribution of the fat globules. If the usefulness of mechanistic and thermodynamic principles is not in doubt, it is still impossible to completely predict ail aspects of the behavior of an emulsion.
Finally, although this work was carried out on a model system and although it was demonstrated that for other conditions (the existence of interaction terms) the effects would be different, the results should pro- 
